











































































ODWHUDO RFFLSLWRWHPSRUDO FRUWH[ FRQWDLQ QHXUDO SRSXODWLRQV ZLWK VXFK PDSSLQJ
SURSHUWLHV 7R GDWH LW LV XQFOHDU WR ZKLFK GHJUHH DFWLRQVSHFLILF UHSUHVHQWDWLRQV LQ
WKHVH EUDLQ UHJLRQV JHQHUDOL]H IURP FRQFUHWH DFWLRQ LQVWDQWLDWLRQV WR DEVWUDFW DFWLRQ
FRQFHSWV+RZHYHUVXFKLQIRUPDWLRQZRXOGEHFUXFLDOWRGLIIHUHQWLDWHEHWZHHQPRWRU
DQG FRJQLWLYH WKHRULHV 8VLQJ 52,EDVHG DQG VHDUFKOLJKWEDVHG I05, PXOWLYR[HO
SDWWHUQ GHFRGLQJ ZH VRXJKW IRU EUDLQ UHJLRQV LQ KXPDQ FRUWH[ WKDW PDQDJH WKH
EDODQFLQJDFWEHWZHHQVSHFLILFLW\DQGJHQHUDOLW\:HLQYHVWLJDWHGDconcrete levelWKDW
GLVWLQJXLVKHVDFWLRQVEDVHGRQSHUFHSWXDOIHDWXUHVHJRSHQLQJYVFORVLQJDVSHFLILF
ERWWOH DQ intermediate level WKDW JHQHUDOL]HV DFURVV PRYHPHQW NLQHPDWLFV DQG
VSHFLILF REMHFWV LQYROYHG LQ WKH DFWLRQ HJ RSHQLQJ GLIIHUHQW ERWWOHV ZLWK FRUN RU
VFUHZFDSDQGDQabstract levelWKDWDGGLWLRQDOO\JHQHUDOL]HVDFURVVREMHFWFDWHJRU\
HJ RSHQLQJ ERWWOHV RU ER[HV :H GHPRQVWUDWH WKDW LQIHULRU SDULHWDO DQG
RFFLSLWRWHPSRUDOFRUWH[FRGHDFWLRQVDWDEVWUDFWOHYHOVZKHUHDVSUHPRWRUFRUWH[FRGHV
DFWLRQVDWWKHFRQFUHWHOHYHORQO\+HQFHRFFLSLWRWHPSRUDOEXWQRWSUHPRWRUUHJLRQV





1HXUDO SRSXODWLRQV FDSDEOH RI PHGLDWLQJ DFWLRQ XQGHUVWDQGLQJ QHHG WR EH DFWLRQ
VSHFLILF DQG DW WKH VDPH WLPH JHQHUDOL]H DFURVV SHUFHSWXDO IHDWXUHV IURP FRQFUHWH
REVHUYHG DFWLRQV WR PRUH DEVWUDFW OHYHOV )LJXUH $ :KHUHDV VLPLODU
FRQFHSWXDOL]DWLRQ SUREOHPV KDYH EHHQ LQWHQVLYHO\ VWXGLHG LQ WKH REMHFW UHFRJQLWLRQ




WKDW PDQDJH WKH EDODQFLQJ DFW EHWZHHQ DFWLRQ VSHFLILFLW\ DQG IHDWXUH JHQHUDOLW\
0LUURU QHXURQV LQ YHQWUDO SUHPRWRU FRUWH[ 30Y ZHUH SURSRVHG WR VKRZ VXFK





SUR[LPLW\ WR WKH YLVXDO V\VWHP HJ ODWHUDO RFFLSLWRWHPSRUDO FRUWH[ /27&PLJKW
JHQHUDOL]HIURPSHUFHSWXDOO\YDULDEOHLQVWDQFHVRIDFWLRQVWRDEVWUDFWDFWLRQFRQFHSWV
2RVWHUKRI HW DO :DWVRQ HW DO +RZHYHU WKH GHJUHH RI JHQHUDOLW\ RI
DFWLRQUHSUHVHQWDWLRQVKDVQRW\HWEHHQHVWDEOLVKHGLQDQ\RIWKHVHUHJLRQV
+HUHZHXVHGFURVVFRQGLWLRQDOPXOWLYR[HOSDWWHUQ093DQDO\VLVRII05,GDWD WR
LGHQWLI\ DFWLRQ UHSUHVHQWDWLRQV DW WKUHH OHYHOV RI UHSUHVHQWDWLRQ D concrete DQ
intermediateDQGDQabstractOHYHO3DUWLFLSDQWVZDWFKHGYLGHRVRIHLJKWDFWLRQVRSHQ
DQG FORVH WZR GLIIHUHQW H[HPSODUV RI ERWWOHV DQG ER[HV HDFK UHTXLULQJ GLIIHUHQW
NLQHPDWLFV DQG UHVSRQGHG WR RFFDVLRQDOO\ RFFXUULQJ FDWFK WULDOV :H GHFRGHG
 
concreteDFWLRQVE\WUDLQLQJDFODVVLILHUZLWKWULDOVWKDWGLVSOD\WKHRSHQLQJRUFORVLQJ
RIDSDUWLFXODUERWWOHDQG WHVWLQJ LWRQGLIIHUHQW WULDOV IURP WKHVDPHFRQGLWLRQV LH
ZLWKLQWKHVDPHREMHFWH[HPSODUVDQGNLQHPDWLFV)LJXUH%XSSHUURZ7RGHFRGH
DFWLRQVDW DQ intermediate OHYHOZH WUDLQHG WKHFODVVLILHUZLWK WULDOV WKDWGLVSOD\ WKH
RSHQLQJ RU FORVLQJ RI D SDUWLFXODU ERWWOH DQG WHVWHG LW ZLWK WULDOV WKDW GLVSOD\ WKH
RSHQLQJRUFORVLQJRIDGLIIHUHQWERWWOH LHDFURVVREMHFWH[HPSODUVDQGNLQHPDWLFV
)LJXUH % PLGGOH URZ 7R GHFRGH DFWLRQV DW DQ abstract OHYHO ZH WUDLQHG WKH
FODVVLILHUZLWKWULDOVWKDWGLVSOD\WKHRSHQLQJRUFORVLQJRIDERWWOHDQGWHVWHGLWZLWK
WULDOV WKDW GLVSOD\ WKH RSHQLQJ RU FORVLQJ RI D ER[ LH DFURVV REMHFW FDWHJRU\ DQG
NLQHPDWLFV)LJXUH%ORZHUURZ
2XU GHVLJQ RYHUFRPHV OLPLWDWLRQV RI UHFHQW QHXURLPDJLQJ VWXGLHV WKDW XVH REMHFW
GLUHFWHG DFWLRQV WR VWXG\ DFWLRQ UHSUHVHQWDWLRQV WKDW JHQHUDOL]H DFURVV NLQHPDWLFV
+DPLOWRQ DQG *UDIWRQ   KDQG SRVWXUH 2RVWHUKRI HW DO  RU
YLHZSRLQW2RVWHUKRIHWDO%\GHFRGLQJQRWRQO\DFURVVNLQHPDWLFVEXWDOVR
DFURVV GLVWLQFW REMHFWV DQG REMHFW FDWHJRULHV DFWLRQ RXWFRPHV GLIIHU SHUFHSWXDOO\ DW
LQWHUPHGLDWHDQGDEVWUDFW OHYHOV D FRQGLWLRQ WKDW LV FUXFLDO LQRUGHU WRGLVDPELJXDWH
ZKHWKHULGHQWLILHGUHSUHVHQWDWLRQVDUHVHQVLWLYHWRWKHDFWLRQRUWRFRQFUHWHSHUFHSWXDO


























LQ WHUPV RI DFWLRQ WLPLQJ LH WKH YLGHRV VWDUWHG ZLWK KDQGV RQ WKH WDEOH PRYLQJ
WRZDUGV WKH REMHFW IROORZHG E\ WKH REMHFW PDQLSXODWLRQ DQG HQGHG ZLWK KDQGV
PRYLQJ WR WKH VDPH SRVLWLRQ RI WKH WDEOH 9LGHRV ZHUH LQ EODFN DQG ZKLWH KDG D
OHQJWKRIVIUDPHVSHUVHFRQGDQGKDGDUHVROXWLRQRI[SL[HOV
)RU LQWHUPHGLDWH DQG DEVWUDFW OHYHOVZHDLPHG WDUJHWLQJQHXUDOSRSXODWLRQV WKDW DUH
FDSDEOHRIGLIIHUHQWLDWLQJSHUFHSWXDOO\VLPLODUEXWFRQFHSWXDOO\GLVVLPLODUDFWLRQVWKDW
 
DW WKH VDPH WLPH JHQHUDOL]H DFURVV FRQFHSWXDOO\ VLPLODU EXW SHUFHSWXDOO\ GLVVLPLODU
DFWLRQV +HQFH ³RSHQ D ZDWHU ERWWOH´ DQG ³FORVH D ZDWHU ERWWOH´ VKRXOG EH
SHUFHSWXDOO\ PRUH VLPLODU WKDQ ³RSHQ D ZDWHU ERWWOH´ DQG ³RSHQ D ZLQH ERWWOH´
LQWHUPHGLDWHOHYHORU³RSHQDERWWOH´DQG³RSHQDER[´DEVWUDFWOHYHO7RWHVWLIRXU




[  DFWLRQ YLGHRV  DFWLRQV [  NLQHPDWLFV [  REMHFW FDWHJRULHV [  DFWLRQ
H[HPSODUV ,Q D VHFRQG DYHUDJLQJ VWHSZH FRPSXWHG WKHPHDQVRI WREHFODVVLILHG










 SL[HOV VFUHHQ UHVROXWLRQ YLD D OLTXLG FU\VWDO SURMHFWRU 2& (03  (SVRQ








SHUEORFN(DFKRI WKHQLQH FRQGLWLRQV HLJKW DFWLRQ FRQGLWLRQVSOXVRQH FDWFK WULDO
ZDVSUHVHQWHGWZLFHSHUEORFN)LYHEORFNVZHUHSUHVHQWHGSHUUXQVHSDUDWHGE\V
IL[DWLRQSHULRGV(DFKUXQVWDUWHGZLWKDV IL[DWLRQSHULRGDQGHQGHGZLWKDV
IL[DWLRQSHULRG ,QHDFK UXQ WKHRUGHURIFRQGLWLRQVZDV ILUVWRUGHUFRXQWHUEDODQFHG






WRSUHVVDEXWWRQZLWK WKH ULJKW LQGH[ ILQJHURQD UHVSRQVHEXWWRQER[ZKHQHYHUDQ
DFWLRQZDVIROORZHGE\DQDGGLWLRQDODFWLRQVWHSPRYLQJWLOWLQJRUOLIWLQJWKHREMHFW
3DUWLFLSDQWVFRXOGUHVSRQGHLWKHUGXULQJWKHPRYLHRUGXULQJWKHIL[DWLRQSKDVHDIWHU
WKH PRYLH 7R HQVXUH WKDW SDUWLFLSDQWV IROORZHG WKH LQVWUXFWLRQV FRUUHFWO\ WKH\
FRPSOHWHGDSUDFWLVHEORFNRXWVLGHWKHVFDQQHU

'DWD DFTXLVLWLRQ)XQFWLRQDO DQG VWUXFWXUDOGDWDZHUHFROOHFWHGXVLQJD7%UXNHU
0HG6SHF %LRVSLQ 05 VFDQQHU DQG DQ FKDQQHO ELUGFDJH KHDG FRLO )XQFWLRQDO




 [  DQG YR[HO UHVROXWLRQ RI  [  [  PP :H XVHG  VOLFHV DFTXLUHG LQ
DVFHQGLQJLQWHUOHDYHGRUGHUZLWKDWKLFNQHVVRIPPDQGJDSPP6OLFHV
ZHUHWLOWHGWRUXQSDUDOOHOWRWKHVXSHULRUWHPSRUDOVXOFXV:HWKHUHE\FRYHUHGWKHIXOO
WHPSRUDO OREH LQFOXGLQJ WKH SROHV ,Q IHZ SDUWLFLSDQWV WKH PRVW VXSHULRU SDUW RI
SUHIURQWDODQGSDULHWDOFRUWH[DSSUR[FPZDVQRWFRYHUHG,QHDFKIXQFWLRQDOUXQ
 LPDJHV ZHUH DFTXLUHG %HIRUH HDFK UXQ ZH SHUIRUPHG DQ DGGLWLRQDO VFDQ WR
PHDVXUH WKH SRLQWVSUHDG IXQFWLRQ 36) RI WKH DFTXLUHG VHTXHQFH WR FRUUHFW WKH
GLVWRUWLRQH[SHFWHGZLWKKLJKILHOGLPDJLQJ=DLWVHYHWDO
6WUXFWXUDO 7ZHLJWKHG LPDJHV ZHUH DFTXLUHG ZLWK DQ 035$*( VHTXHQFH 









ZDV DOLJQHG WR WKH KLJKUHVROXWLRQ DQDWRP\  SDUDPHWHUV 'DWD ZHUH ' PRWLRQ
FRUUHFWHG WULOLQHDU LQWHUSRODWLRQ ZLWK WKH ILUVW YROXPH RI WKH ILUVW UXQ RI HDFK
SDUWLFLSDQW DV UHIHUHQFH IROORZHG E\ VOLFH WLPH FRUUHFWLRQ DQG KLJKSDVV ILOWHULQJ
FXWRIIIUHTXHQF\RIF\FOHVSHUUXQ6SDWLDOVPRRWKLQJZDVDSSOLHGZLWKD*DXVVLDQ
NHUQHORIPP):+0IRUXQLYDULDWHDQDO\VLVDQGPP):+0IRU093$1RWH
WKDWVPRRWKLQJXS WRPP):+0FDQ LQFUHDVH WKHVHQVLWLYLW\ LQ093FRUUHODWLRQ
 
DQDO\VLV ZKHUHDV LQ 093 GHFRGLQJ VPRRWKLQJ EHWZHHQ  DQG  PP VKRZHG QR
VXEVWDQWLDO LQFUHDVHV RU GHFUHDVHV LQ GHFRGLQJ DFFXUDF\ 2S GH %HHFN  $
UHFHQWVWXG\KRZHYHUUHYHDOHGWKDWVPRRWKLQJEHWZHHQDQGPP):+0KDGEHVW
HIIHFWVRQ093GHFRGLQJ*DUGXPLHWDO)RUJURXSDQDO\VLVERWKDQDWRPLFDO





VXUIDFHV ZHUH VPRRWKHG DQG LQIODWHG ,Q DGGLWLRQ VSKHULFDO VXUIDFH PHVKHV ZHUH
JHQHUDWHG DQGPRUSKHG WR D VWDQGDUG VSKHULFDO VXUIDFH 2Q WKH EDVLV RI PXOWLVFDOH
VXUIDFH FXUYDWXUH PDSV ZKLFK UHIOHFW WKH J\UDOVXOFDO IROGLQJ SDWWHUQ ZLWK IRXU
FRDUVHWRILQH OHYHOV RI VPRRWKLQJ WKH VWDQGDUGL]HG VSKHULFDO VXUIDFHV RI DOO
SDUWLFLSDQWV ZHUH DOLJQHG WR DQ DYHUDJH VSKHULFDO VXUIDFH XVLQJ D FRDUVHWRILQH
PRYLQJ WDUJHW DSSURDFK )LVFKO HW DO  *RHEHO HW DO  7UDQVIRUPDWLRQ
PDWULFHVRIWKHHVWDEOLVKHGFRUUHVSRQGHQFHPDSSLQJZHUHXVHGWRDOLJQVXUIDFHPDSV




093 DQDO\VLV 0XOWLYR[HO SDWWHUQ DQDO\VLV ZDV FDUULHG RXW XVLQJ D OLQHDU VXSSRUW
YHFWRUPDFKLQH690FODVVLILHUDVLPSOHPHQWHGE\/,%690&KDQJDQG/LQ
093 DQDO\VLV ZDV FDUULHG RXW ERWK 52, DQG VHDUFKOLJKWEDVHG 7KH 52, DQDO\VLV
VHHVHFWLRQ52,$QDO\VLVZDVXVHG WRGLUHFWO\ LQYHVWLJDWH WKH OHYHORIDEVWUDFWQHVV
 
FRQFUHWH LQWHUPHGLDWH DEVWUDFW UHSUHVHQWHG LQ FRUH UHJLRQV LQYROYHG LQ DFWLRQ
REVHUYDWLRQLHYHQWUDOSUHPRWRUFRUWH[30YDQWHULRULQWUDSDULHWDOVXOFXVLQIHULRU
SDULHWDO OREH ,3/ DQG ODWHUDO RFFLSLWRWHPSRUDO FRUWH[ /27& 1RWH WKDW ZH
LQFOXGHG,3/GXHWRLWVSURPLQHQWUROHLQDFWLRQREVHUYDWLRQGHVSLWHWKHIDFWWKDWLWLV
QRW ZHOO VXLWHG WR GLIIHUHQWLDWH EHWZHHQPRWRU DQG FRJQLWLYH WKHRULHV 2QH WKH RQH
KDQG ,3/ LV W\SLFDOO\FRXQWHG WR WKHPRWRUV\VWHPDV LWVKRPRORJXH LQ WKHPRQNH\
KDVEHHQUHSRUWHGWRFRQWDLQPLUURUQHXURQV)RJDVVLHWDODQGLVVXJJHVWHGWR
HQFRGHPRWRUDQGYLVXRVSDWLDODVSHFWVRIDFWLRQVVXFKDVREMHFWDIIRUGDQFHV)DJJDQG
$UELE  DV ZHOO DV DFWLRQ RXWFRPHV DQG LQWHQWLRQV )RJDVVL HW DO 
5L]]RODWWL HW DO  2Q WKH RWKHU KDQG ,3/ LV FRQVLGHUHG WR EHORQJ WR D
VXSUDPRGDO VHPDQWLF V\VWHP %LQGHU DQG 'HVDL  DQG VKRZV KLJK GHJUHHV RI
DEVWUDFWLRQ LQ REMHFW UHFRJQLWLRQ DQG WKXV FODVVLFDO SURSHUWLHV RI WKH YHQWUDO ³ZKDW´
VWUHDP .RQHQ DQG .DVWQHU  )DLUKDOO DQG &DUDPD]]D  0RWRU DQG
FRJQLWLYHYLHZVWKHUHIRUHGRQRWRIIHURSSRVLQJSUHGLFWLRQVUHJDUGLQJJHQHUDOL]DWLRQ
FDSDFLWLHV LQ ,3/ 7KH VHDUFKOLJKW DQDO\VLV VHH VHFWLRQ 6XUIDFHEDVHG 6HDUFKOLJKW
$QDO\VLVZDV FDUULHGRXW WR LGHQWLI\SXWDWLYH DGGLWLRQDO UHJLRQV UHSUHVHQWLQJ DFWLRQ
FRQFHSWV

52, 'HILQLWLRQ 52,VZHUH GHILQHG VHSDUDWHO\ IRU HDFK SDUWLFLSDQW RQ WKH EDVLV RI
XQLYDULDWH VWDWLVWLFDOPDSV XVLQJ D VLPLODU DSSURDFK DV GHVFULEHG LQ2RVWHUKRI HW DO
2RVWHUKRIHWDO,QEULHIWRFRQVWUDLQSHDNFOXVWHULGHQWLILFDWLRQLQLQGLYLGXDO





UDQGRPHIIHFWV 5); JHQHUDO OLQHDU PRGHO */0 'HVLJQ PDWULFHV FRQWDLQHG
SUHGLFWRUVRIWKH$&7,21[2%-(&7&$7(*25<[.,1(0$7,&6FRQGLWLRQV
FDWFK WULDOV DQG RI  SDUDPHWHUV UHVXOWLQJ IURP ' PRWLRQ FRUUHFWLRQ [ \ ]
WUDQVODWLRQ DQG URWDWLRQ (DFK SUHGLFWRU ZDV FRQYROYHG ZLWK D GXDOJDPPD
KHPRG\QDPLF LPSXOVH UHVSRQVH IXQFWLRQ )ULVWRQ HW DO  (DFK WULDO ZDV
PRGHOHGDVDQHSRFKODVWLQJIURPYLGHRRQVHWWRRIIVHWV7KHUHVXOWLQJUHIHUHQFH
WLPHFRXUVHVZHUHXVHG WR ILW WKH VLJQDO WLPHFRXUVHVRIHDFKYR[HO7R LGHQWLI\ WKH
JURXSSHDNYHUWLFHVZHFRQWUDVWHGDOOHLJKWFRQGLWLRQVYVEDVHOLQHZKHUHEDVHOLQHLV
GHILQHG DV DOO WLPH SRLQWV QRW PRGHOHG LQ WKH GHVLJQ PDWUL[ 7KH UHVXOWLQJ JURXS
FRQWUDVWZDV SURMHFWHG RQ WKH FRUWH[EDVHG DOLJQHG JURXS VXUIDFH DQG SHDN YHUWLFHV
ZHUHLGHQWLILHGLQDQDWRPLFDOO\GHILQHGFRUWLFDOUHJLRQVLQERWKKHPLVSKHUHVYHQWUDO
SUHFHQWUDO J\UXV DQWHULRU LQWUDSDULHWDO VXOFXV SRVWHULRU PLGGOH WHPSRUDO J\UXV 7R
LGHQWLI\ LQGLYLGXDO SHDN YHUWLFHV ZH FRPSXWHG VLQJOHVXEMHFW */0 FRQWUDVWV >DOO
HLJKW FRQGLWLRQV YV EDVHOLQH@ LQ YROXPH VSDFH XVLQJ GHVLJQ PDWULFHV DV GHVFULEHG
DERYH $IWHU SURMHFWLQJ WKH UHVXOWLQJ LQGLYLGXDO PDSV RQ WKH VXUIDFH SHDN YHUWLFHV
ZHUH LGHQWLILHG ZLWKLQ FLUFOHV RI  PP UDGLXV FHQWHUHG DURXQG WKH JURXS SHDN






DQG UXQ'HVLJQPDWULFHV WKXV FRQWDLQHGSUHGLFWRUV RI DFWLRQ FRQGLWLRQV  FDWFK
WULDOV SUHGLFWRUV DQG WKH  SUHGLFWRUV RI WKH ' PRWLRQ FRUUHFWLRQ SDUDPHWHUV




FRQGLWLRQ &ODVVLILFDWLRQ DFFXUDFLHV ZHUH FRPSXWHG XVLQJ OHDYHRQHRXW FURVV
YDOLGDWLRQLHWKHFODVVLILHUZDVWUDLQHGXVLQJWKHGDWDRISDWWHUQVDQGWHVWHGRQLWV
DFFXUDF\ DW FODVVLI\LQJ WKH XQVHHQ GDWD IURP WKH UHPDLQLQJ SDWWHUQ 7KLV SURFHGXUH
ZDVFDUULHGRXW LQ LWHUDWLRQVXVLQJDOOSRVVLEOHFRPELQDWLRQVRI WUDLQLQJDQG WHVW
SDWWHUQV7KHFODVVLILFDWLRQDFFXUDFLHVIURPWKHLWHUDWLRQVZHUHDYHUDJHGWRJLYHD
PHDQDFFXUDF\VFRUHSHU WHVW7RGHFRGHDFWLRQVDW WKH FRQFUHWH OHYHO WKH FODVVLILHU
ZDV WUDLQHG WRGLVFULPLQDWHEHWZHHQRSHQDQGFORVHERWWOH$DQGWHVWHGRQRSHQYV
FORVH ERWWOH $ )LJXUH % XSSHU URZ 7KH VDPH FODVVLILFDWLRQ SURFHGXUH ZDV
UHSHDWHG IRU WKH UHPDLQLQJ REMHFWV DQG WKHPHDQRI DOO  WHVWVZDV FRPSXWHG7R
GHFRGH DFWLRQV DW WKH LQWHUPHGLDWH OHYHO WKH FODVVLILHU ZDV WUDLQHG WR GLVFULPLQDWH
EHWZHHQRSHQ DQG FORVH ERWWOH$ DQG WHVWHG RQRSHQYV FORVH ERWWOH% )LJXUH %
PLGGOHURZ$JDLQ WKHFODVVLILFDWLRQSURFHGXUHZDVUHSHDWHGIRUERWWOH%ÆERWWOH
$ER[$Æ ER[%ER[%Æ ER[$ DQG WKHPHDQRI WKH WHVWVZHUH FRPSXWHG
'HFRGLQJ DW WKH LQWHUPHGLDWH OHYHO WKHUHIRUH WDUJHWHG DFWLRQ UHSUHVHQWDWLRQV WKDW
JHQHUDOL]H DFURVV REMHFW H[HPSODUV H[HPSODU$ DQG% DQG NLQHPDWLFV VFUHZ DQG
SXVKSXOO 7R GHFRGH DFWLRQV DW WKH DEVWUDFW OHYHO WKH FODVVLILHU ZDV WUDLQHG WR





WKH LQWHUPHGLDWHDQGDEVWUDFW OHYHOV³DFURVVREMHFW´FODVVLILFDWLRQZHDOVRXVHG WKH
OHDYHRQHRXWFURVVYDOLGDWLRQSURFHGXUHWRHQVXUHWKDWWKHUHVXOWVDUHDVFRPSDUDEOH
 
DV SRVVLEOH WR WKH UHVXOWV RI WKH FRQFUHWH OHYHO ³ZLWKLQ REMHFW´ FODVVLILFDWLRQ 7KH
PHDQ FODVVLILFDWLRQ DFFXUDF\ IRU HDFK DEVWUDFWLRQ OHYHO 52, DQG SDUWLFLSDQW ZDV
HQWHUHG LQWR D RQHWDLOHG RQHVDPSOH WWHVW DJDLQVW WKH FODVVLILFDWLRQ H[SHFWHG E\
FKDQFH6WDWLVWLFDOUHVXOWVZHUH)'5FRUUHFWHGIRUWKHQXPEHURIRQHVDPSOHt
WHVWVLH52,V[OHYHOV WHVWV%HQMDPLQLDQG<HNXWLHOL
7R DVVHVV VWDWLVWLFDO VLJQLILFDQFH RI WKH GLIIHUHQFHV EHWZHHQ GHFRGLQJ DFFXUDFLHV RI
GLIIHUHQW DEVWUDFWLRQ OHYHOV DQG UHJLRQV D UHSHDWHG PHDVXUHV $129$ ZLWK
$%675$&7,21/(9(/52, DQG+(0,63+(5( DQG SRVW KRF SDLUHG VDPSOHV t
WHVWV ZHUH XVHG :LWKLQ HDFK UHJLRQ ZH FRQVLGHUHG WKH IROORZLQJ WKUHH SRVVLEOH
VFHQDULRV
“Concrete only” regions.$ UHJLRQ HQFRGHV DFWLRQ LQIRUPDWLRQ DW WKH FRQFUHWH
OHYHO EXW QRW DW LQWHUPHGLDWH DQGRU DEVWUDFW OHYHOV )LJXUH & ,Q WKLV FDVH WKUHH
FULWHULDPXVWEHPHWD6LJQLILFDQWGHFRGLQJDWWKHFRQFUHWHOHYHOEQRVLJQLILFDQW
GHFRGLQJ DW LQWHUPHGLDWH DQGRU DEVWUDFW OHYHOV DQG F VLJQLILFDQW GLIIHUHQFHV
EHWZHHQFRQFUHWHDQGLQWHUPHGLDWHDQGRUDEVWUDFWOHYHOVUHVSHFWLYHO\
 “All levels” regions. $ UHJLRQ HQFRGHV DFWLRQ LQIRUPDWLRQ DW DOO OHYHOV RI
DEVWUDFWLRQ )LJXUH ' ,Q WKLV FDVH WZR FULWHULD PXVW EH PHW D 6LJQLILFDQW
GHFRGLQJDWFRQFUHWHLQWHUPHGLDWHDQGDEVWUDFWOHYHOVDQGEVLJQLILFDQWGLIIHUHQFHV
EHWZHHQ FRQFUHWH DQG LQWHUPHGLDWH DQG EHWZHHQ LQWHUPHGLDWH DQG DEVWUDFW OHYHOV
UHVSHFWLYHO\$VWHSZLVHGHFUHDVHIURPFRQFUHWHWRDEVWUDFWLVH[SHFWHGEHFDXVHLQWKH
FRQFUHWH GHFRGLQJ DFWLRQ LQIRUPDWLRQ IURP DOO WKUHH OHYHOV FDQEH H[SORLWHG E\ WKH
FODVVLILHU ZKHUHDV IRU WKH LQWHUPHGLDWH GHFRGLQJ RQO\ LQIRUPDWLRQ IURP WKH




RQO\ )LJXUH( ,Q WKLVFDVH WZRFULWHULDPXVWEHPHW D6LJQLILFDQWGHFRGLQJDW
FRQFUHWHLQWHUPHGLDWHDQGDEVWUDFWOHYHOVDQGEQRVLJQLILFDQWGLIIHUHQFHVEHWZHHQ
FRQFUHWHDQGLQWHUPHGLDWHDQGEHWZHHQLQWHUPHGLDWHDQGDEVWUDFWOHYHOVUHVSHFWLYHO\
1RGLIIHUHQFHVEHWZHHQ WKH WKUHH OHYHOV DUH H[SHFWHGEHFDXVH LQ DOO WKUHH OHYHOV WKH
VDPHDEVWUDFWLQIRUPDWLRQLVSLFNHGXSE\WKHFODVVLILHU
$FURVV UHJLRQV ZH IXUWKHU H[DPLQHG GRXEOH GLVVRFLDWLRQV RI DEVWUDFWLRQ OHYHO DQG
UHJLRQ7RGR VRZH FRQVLGHUHG WKH IROORZLQJ VFHQDULRV ,Q FDVH UHJLRQ;HQFRGHV
FRQFUHWH DFWLRQ LQIRUPDWLRQ RQO\ DQG UHJLRQ< HQFRGHV DEVWUDFW DFWLRQ LQIRUPDWLRQ
RQO\)LJXUH&DQG(UHVSHFWLYHO\DQLQWHUDFWLRQRI$%675$&7,21/(9(/DQG
52,LVH[SHFWHG+RZHYHULQFDVHUHJLRQ;HQFRGHVFRQFUHWHDFWLRQLQIRUPDWLRQRQO\
DQG UHJLRQ< HQFRGHV DFWLRQV DW ERWK FRQFUHWH DQGPRUH DEVWUDFW OHYHOV )LJXUH &
DQG ' UHVSHFWLYHO\ no interaction RI $%675$&7,21 /(9(/ DQG 52, LV
H[SHFWHG 7KLV LV EHFDXVH UHJLRQ < VKRXOG VKRZ KLJKHU GHFRGLQJ DFFXUDFLHV IRU
FRQFUHWH FRPSDUHG WR DEVWUDFW OHYHOV ,PSRUWDQWO\ WKH UHODWLYH GLIIHUHQFHV EHWZHHQ
FRQFUHWHDQGLQWHUPHGLDWHDEVWUDFWOHYHOVFDQEHVLPLODULQUHJLRQ;DQG<LQZKLFK
FDVH QR LQWHUDFWLRQ ZRXOG EH REVHUYHG +HQFH IRU WKH FDVH WKDW UHJLRQ < EXW QRW
UHJLRQ; HQFRGHV DFWLRQV DW LQWHUPHGLDWH DQG DEVWUDFW OHYHOV WKH IROORZLQJ FULWHULD





6XUIDFHEDVHG 6HDUFKOLJKW 093$ 7R LGHQWLI\ DQ\ DGGLWLRQDO UHJLRQV FRGLQJ
DFWLRQVDWGLIIHUHQWOHYHOVRIDEVWUDFWLRQZHFDUULHGRXWDVXUIDFHEDVHG2RVWHUKRIHW
 
DO  VHDUFKOLJKW SDWWHUQ FODVVLILFDWLRQ .ULHJHVNRUWH HW DO  )RU HDFK
SDUWLFLSDQW DQGKHPLVSKHUHZH WUDQVIRUPHGYROXPH WLPHFRXUVHV LQWR VXUIDFHPHVK
WLPHFRXUVHV9ROXPHWLPHFRXUVHVZHUHVDPSOHGDORQJWKHPHVKYHUWH[QRUPDOIURP
 WR  PP */0 FRPSXWDWLRQ DQG 093$ FODVVLILFDWLRQ ZDV FDUULHG RXW XVLQJ
LGHQWLFDO SDUDPHWHUV DQG SURFHGXUHV DV IRU WKH 52, 093$ 7KH FODVVLILFDWLRQ
DFFXUDF\ ZDV DVVLJQHG WR WKH FHQWUDO YHUWH[ 5HVXOWLQJ LQGLYLGXDO VXUIDFH DFFXUDF\
PDSVZHUH DQDWRPLFDOO\ DOLJQHG XVLQJ WKH WUDQVIRUPDWLRQ SDUDPHWHUV RI WKH FRUWH[
EDVHG DOLJQPHQW $OLJQHG PDSV ZHUH HQWHUHG LQWR D RQHVDPSOH WWHVW WR LGHQWLI\
YHUWLFHV ZKHUH FODVVLILFDWLRQ ZDV VLJQLILFDQWO\ DERYH FKDQFH :H UHDVRQHG WKDW
ZKHUHYHUDFWLRQVFDQEHGHFRGHGDWWKHLQWHUPHGLDWHOHYHODFWLRQFODVVLILFDWLRQDFURVV
REMHFW H[HPSODU DFWLRQV VKRXOG DOVR EH GHFRGDEOH DW WKH FRQFUHWH OHYHO DFWLRQ
FODVVLILFDWLRQZLWKLQREMHFWH[HPSODU/LNHZLVHZKHUHYHUDFWLRQVFDQEHGHFRGHGDW
WKH DEVWUDFW OHYHO DFWLRQ FODVVLILFDWLRQ DFURVV REMHFW FODVV DFWLRQV VKRXOG DOVR EH
GHFRGDEOHDWERWKWKHFRQFUHWHDFWLRQFODVVLILFDWLRQZLWKLQREMHFWH[HPSODUDQGWKH
LQWHUPHGLDWHOHYHODFWLRQFODVVLILFDWLRQDFURVVREMHFWH[HPSODU:HWKHUHIRUHHQWHUHG
VWDWLVWLFDOPDSV IRU WKH LQWHUPHGLDWH DQG DEVWUDFW OHYHOV LQWR D FRQMXQFWLRQ DQDO\VLV
)RU WKH LQWHUPHGLDWH OHYHO D FRQMXQFWLRQRI WKHPDSV IRU FRQFUHWH DQG LQWHUPHGLDWH
OHYHOZDV FRPSXWHG)RU WKH DEVWUDFW OHYHO D FRQMXQFWLRQ RI WKHPDSV IRU FRQFUHWH
LQWHUPHGLDWH DQG DEVWUDFW OHYHO ZDV FRPSXWHG &RQMXQFWLRQV ZHUH FRPSXWHG E\
RXWSXWWLQJ WKH PLQLPXP t YDOXH IRU HDFK YHUWH[ RI WKH LQSXW PDSV 1LFKROV HW DO
 )LQDOO\ PDSV ZHUH FRUUHFWHG IRU PXOWLSOH FRPSDULVRQV DW p    DW WKH
FOXVWHU OHYHO XVLQJ D FOXVWHU VL]H DOJRULWKP )RUPDQ HW DO  EDVHG RQ0RQWH










8QLYDULDWHI05,UHVXOWV 7R GHWHUPLQH 52,V IRU VXEVHTXHQW093 DQDO\VLV ZH
FRPSXWHGDJURXSFRQWUDVWRIDOOHLJKWFRQGLWLRQV$&7,21[2%-(&7&$7(*25<
[ .,1(0$7,&6 YV EDVHOLQH VHH VHFWLRQ 52, 'HILQLWLRQ LQ WKH 0HWKRGV 7KLV
UHYHDOHG ZLGHVSUHDG DFWLYDWLRQV ZLWKLQ OHIW DQG ULJKW YHQWUDO DQG GRUVDO SUHPRWRU
FRUWH[ ,36 DQG RFFLSLWRWHPSRUDO FRUWH[ H[WHQGLQJ GRUVDOO\ LQWR SRVWHULRU ,36 DQG




,QDGGLWLRQZHFRPSXWHGDXQLYDULDWH FRQWUDVW ³RSHQ´YV ³FORVH´ FROODSVHGDFURVV
REMHFW FDWHJRU\ DQGNLQHPDWLFV WR WHVW IRU SXWDWLYH XQLYDULDWH HIIHFWV7KLV FRQWUDVW
UHYHDOHGQRVLJQLILFDQWHIIHFWVHYHQDIWHUDSSO\LQJYHU\OLEHUDOFRUUHFWLRQWKUHVKROGV










WKUHHZD\ UHSHDWHG PHDVXUHV $129$ZLWK WKH IDFWRUV $EVWUDFWLRQ /HYHO [ 52, [
+HPLVSKHUHUHYHDOHGPDLQHIIHFWVRI$EVWUDFWLRQ/HYHOF p
DQG52,F p1RHIIHFWVRI+HPLVSKHUHDQGQRLQWHUDFWLRQV
ZHUH REVHUYHG DOOp ! 3RVWKRF SDLUHG VDPSOHV t WHVWV UHYHDOHG WKDW GHFRGLQJ
DFFXUDFLHV IRU LQWHUPHGLDWH DQG DEVWUDFW OHYHOV ZHUH VLJQLILFDQWO\ KLJKHU LQ ,3/
FRPSDUHGWR30YDQGLQ/27&FRPSDUHGWR30Y7DEOHV,QDGGLWLRQDFFXUDFLHV
LQ 30Y GLIIHUHG VLJQLILFDQWO\ EHWZHHQ FRQFUHWH DQG DEVWUDFW OHYHOV 7DEOH 
7RJHWKHUWKHVHUHVXOWVGHPRQVWUDWHWKDW,3/DQG/27&EXWQRW30YHQFRGHDFWLRQV
DWDEVWUDFWOHYHOVRIUHSUHVHQWDWLRQ
$ VHFRQG REVHUYDWLRQ LV WKDW/27& VKRZHG VLJQLILFDQWO\ VWURQJHU GHFRGLQJ IRU WKH
FRQFUHWHFRPSDUHGWRLQWHUPHGLDWHDQGDEVWUDFWOHYHOVZKHUHDV,3/VKRZHGUHODWLYHO\
VLPLODU GHFRGLQJ DFFXUDFLHV DFURVV DOO OHYHOV 7DEOH  7KLV LQGLFDWHV WKDW /27&





DW VLPLODU OHYHOV DQG GLG QRW VKRZ VLJQLILFDQW GLIIHUHQFHV 7DEOH  VXJJHVWLQJ WKDW
JHQHUDOL]DWLRQ IURP FRQFUHWH REMHFWVSHFLILF WR DEVWUDFW REMHFWFDWHJRU\
LQGHSHQGHQW DFWLRQ UHSUHVHQWDWLRQV GRHV QRW UHTXLUH DQ DGGLWLRQDO LQWHUPHGLDWH
 
REMHFWLQGHSHQGHQW EXW REMHFWFDWHJRU\VSHFLILF DEVWUDFWLRQ VWHS VHH VHFWLRQ 52,
093$LQWKH0HWKRGVIRUDGHWDLOHGGHVFULSWLRQRIH[SHFWHGSDWWHUQVRIUHVXOWV

6HDUFKOLJKW093$ UHVXOWV$VHDUFKOLJKWDQDO\VLVFRUURERUDWHG WKH ILQGLQJVRI WKH
52,093$)LJXUHDQG7DEOH$WWKHFRQFUHWHOHYHOZHGHFRGHGDFWLRQVLQ
ERWKKHPLVSKHUHVWKURXJKRXWWKHRFFLSLWRWHPSRUDOFRUWH[SRVWFHQWUDOVXOFXVSR&6
LQWUDSDULHWDO VXOFXV ,36 DQG YHQWUDO DV ZHOO DV GRUVDO SUHPRWRU FRUWH[ $W





2XU UHVXOWV GHPRQVWUDWH WKDW /27& EXW QRW 30Y HQFRGH WKH DFWLRQV ³RSHQ´ DQG
³FORVH´DWDEVWUDFWOHYHOVRIUHSUHVHQWDWLRQLHLQGHSHQGHQWO\RIWKHFRQFUHWHREMHFWV
DQG REMHFW FDWHJRULHV LQYROYHG LQ WKH DFWLRQV DQG WKH NLQHPDWLFV UHTXLUHG WR
PDQLSXODWHWKHVHREMHFWV7KLVILQGLQJSURYLGHVHYLGHQFHWKDW/27&DQG,3/FRQWDLQ




WKDW JHQHUDOL]H DFURVV LQYROYHG REMHFW H[HPSODUV RU FDWHJRULHV 7KH SUHVHQFH RI
DEVWUDFW DFWLRQ UHSUHVHQWDWLRQV LQ /27& DQG WKH ODFN RI VXFK UHSUHVHQWDWLRQV LQ
SUHPRWRU FRUWH[ VHULRXVO\ TXHVWLRQV WKH PRWRUFHQWULF YLHZ WKDW SUHPRWRU DQGRU
LQIHULRUSUHIURQWDOFRUWH[SURYLGHVWKHEDVLVRIDFWLRQXQGHUVWDQGLQJ5L]]RODWWLHWDO
 
 ,QVWHDGRXU UHVXOWVSURYLGH FOHDU VXSSRUW IRU FRJQLWLYHDFFRXQWV WKDW VXJJHVW
DFWLRQ XQGHUVWDQGLQJ WR EH DVVRFLDWHG ZLWK SHUFHSWXDO IXQFWLRQV VLPLODU WR REMHFW
UHFRJQLWLRQ
2XUVHDUFKOLJKWDQDO\VLVDWWKHLQWHUPHGLDWHDQGDEVWUDFWOHYHOUHYHDOHGDFOXVWHULQOHIW
/27& WKDW FORVHO\ RYHUODSSHG ZLWK WKH UHJLRQ LGHQWLILHG LQ D PHWD DQDO\VLV RQ
FRQFHSWXDODFWLRQSURFHVVLQJXVLQJSLFWXUHFRPSDUHGWRYHUEDOVWLPXOL:DWVRQHWDO




VWXG\ZDV GHVLJQHG WR WDUJHW QHXUDO SRSXODWLRQV WKDW DUH VHQVLWLYH WR WKH GLIIHUHQFH
EHWZHHQSHUFHSWXDOO\VLPLODUEXWFRQFHSWXDOO\GLVVLPLODUDFWLRQVDQGDWWKHVDPHWLPH
JHQHUDOL]H DFURVV SHUFHSWXDOO\ GLVVLPLODU EXW FRQFHSWXDOO\ VLPLODU DFWLRQV 8VLQJ
SHUFHSWXDO VLPLODULW\ DQDO\VLV VHHPHWKRGVZH HQVXUHG WKDW SHUFHSWXDO GLIIHUHQFHV
EHWZHHQ WREHGHFRGHG DFWLRQV HJ RSHQ YV FORVH ZDWHU ERWWOH DUH VPDOOHU WKDQ
SHUFHSWXDOGLIIHUHQFHVEHWZHHQVDPHDFWLRQVDFURVVGHFRGLQJOHYHOVHJRSHQZDWHU
ERWWOH YV RSHQZLQH ERWWOH RSHQ ERWWOH YV RSHQ ER[ 7KLV PDNHV LW XQOLNHO\ WKDW
GHFRGLQJ DW LQWHUPHGLDWH DQG DEVWUDFW OHYHOV ZDV GULYHQ E\ ORZOHYHO SHUFHSWXDO
VLPLODULW\ ,Q OLQHZLWK WKLVYLHZRQO\ DW WKH FRQFUHWH OHYHOZKHUH ORZOHYHO YLVXDO
IHDWXUHVZHUHOLNHO\WRFRQWULEXWHWRWKHGHFRGLQJEHWZHHQRSHQDQGFORVHZHIRXQG
DERYH FKDQFH GHFRGLQJ WKURXJKRXW YLVXDO FRUWH[ LQFOXGLQJ HDUO\ YLVXDO DUHDV 
&RXOGGHFRGLQJEHGULYHQE\VLPLODULWLHVRIDFWLRQVSHFLILFPRWLRQSDWWHUQVIRURSHQ
DQG FORVH DFURVV GHFRGLQJ OHYHOV" %HFDXVH GLIIHUHQW NLQHPDWLFV ZHUH UHTXLUHG IRU
RSHQ DQG FORVH DW WKH LQWHUPHGLDWH DQG DEVWUDFW OHYHO VFUHZ YV SXVKSXOOZH FDQ




DQG HQG SKDVHV RI HDFK DFWLRQ KDQG DQG DUPPRYHPHQWV DUH KLJKO\ VLPLODU KDQGV
WRZDUGV YV DZD\ IURP REMHFW 7KHUHIRUH GHFRGLQJ LV XQOLNHO\ WR EH EDVHG RQ WKH













7KHVH FRQVLGHUDWLRQV DUH FHUWDLQO\ YHU\ H[LWLQJ DQG H[HPSOLILHV RXU OLPLWHG
NQRZOHGJH DERXW WKH DUFKLWHFWXUH XQGHUO\LQJ DFWLRQ UHSUHVHQWDWLRQV 1RWDEO\
KRZHYHUWKH\DUHRIOLWWOHUHOHYDQFHIRUWKHJRDORIRXUVWXG\LHDFRPSDULVRQRIWKH
UHODWLYHDEVWUDFWLRQFDSDFLWLHVRIUHJLRQVLQYROYHGLQDFWLRQREVHUYDWLRQ
:H IRXQG WKDW QRW RQO\/27& EXW DOVR ,3/ HQFRGHV DFWLRQ LQIRUPDWLRQ DW DEVWUDFW
OHYHOV RI UHSUHVHQWDWLRQ 0RWRU DQG FRJQLWLYH WKHRULHV GR QRW RIIHU RSSRVLQJ






,3/ KDV EHHQ VKRZQ WR HQFRGH IXQFWLRQDO NQRZOHGJH RI KRZ WR DFKLHYH SDUWLFXODU
RXWFRPHV WKDWJHQHUDOL]HDFURVVPRWRUDQGVHQVRU\ LQIRUPDWLRQHJGHFRUDWH URRP
DQG GUHVV XS /HVKLQVND\D DQG &DUDPD]]D  7KLV VXJJHVWV LQ OLQH ZLWK RXU
ILQGLQJV WKDW WKHQRWLRQRI ,3/HQFRGLQJ FRQFUHWH DFWLRQRXWFRPHV LQ WKH VHQVHRI
SK\VLFDO HQG VWDWHV LQ WKH ZRUOG LV WRR QDUURZ DQG QHHGV WR EH H[SDQGHG WR QRQ
PRWRULFDQGQRQVHQVRU\RXWFRPHVDQGSXUSRVHV
1RWDEO\WKHDEVWUDFWLRQIURPFRQFUHWHDFWLRQVRSHQDVSHFLILFERWWOHWRLQWHUPHGLDWH
RSHQERWWOH DQGDEVWUDFW RSHQ UHSUHVHQWV OHYHOVRI Dconceptual DFWLRQKLHUDUFK\
ZKLFK LV TXDOLWDWLYHO\ GLIIHUHQW IURP KLHUDUFKLHV WKDW GHVFULEH GLIIHUHQW OHYHOV IURP
PXVFOHDFWLYDWLRQWRPRYHPHQWVJRDOVDQGLQWHQWLRQVRIRQHDQGWKHVDPHconcrete
DFWLRQ&VLEUD+DPLOWRQDQG*UDIWRQ.LOQHUHWDO,PSRUWDQWO\
SUHYLRXVVWXGLHVWKDWGLVHQWDQJOHG OHYHOVRI WKH ODWWHUKLHUDUFK\HJ WKHJRDOYV WKH
NLQHPDWLFV RI DQ DFWLRQ ZHUH QRW GHVLJQHG WR LGHQWLI\ FRQFHSWXDO DFWLRQ
UHSUHVHQWDWLRQVEHFDXVHWKHLQYHVWLJDWHGDFWLRQVDOZD\VLQYROYHGWKHVDPHREMHFWVDQG
WKHUHIRUH DQ DFWLRQ IHDWXUH WKDW ZDV SHUFHSWXDOO\ FRQVWDQW IRU WKH WHVWHG
UHSUHVHQWDWLRQV IRU DQ H[FHSWLRQ IRFXVLQJ RQ WKH SHUIRUPDQFH RI WRROUHODWHG
SDQWRPLPHV VHH &KHQ HW DO  7KHVH VWXGLHV FDQQRW GLVDPELJXDWH LI DQ
LGHQWLILHG UHSUHVHQWDWLRQ ZRXOG EH WULJJHUHG E\ D FRQFUHWH DFWLRQ HOHPHQW HJ D
VSHFLILFRSHQHGER[RUE\DQ\LQVWDQWLDWLRQRIWKDWDFWLRQLQGHSHQGHQWRIWKHFRQFUHWH
REMHFW 2QO\ WKH ODWWHU FDVH IXOILOOV WKH QHFHVVDU\ FULWHULD IRU DFWLRQ XQGHUVWDQGLQJ




RXU UHVXOWV LW VHHPV OLNHO\ WKDW UHSUHVHQWDWLRQV LQ WKHVH UHJLRQV FRGH FRQFUHWH
SHUFHSWXDODFWLRQIHDWXUHV OLNH WKHHVWLPDWHGHQGVWDWHRIDQDFWLRQRUSRVVLEO\DOVR
HYHQORZHUOHYHOSHUFHSWXDODQGPRWLRQGLIIHUHQFHVEHWZHHQFRQFUHWHLQVWDQWLDWLRQVRI
³RSHQ´ DQG ³FORVH´ 7KLV LQWHUSUHWDWLRQ LV LQ OLQH ZLWK WKH REVHUYDWLRQ WKDW PLUURU
QHXURQV LQPRQNH\¶VSUHPRWRUFRUWH[DUHQRW LQGHSHQGHQWRIEXW LQ IDFWPRGXODWHG
E\ORZOHYHOIHDWXUHVRIDQREVHUYHGDFWLRQ&RRNDQG%LUG
2QHPD\DUJXHWKDWDOWKRXJK30YGRHVQRWFRGHDEVWUDFWDFWLRQVVLPXODWLRQRIWKH
FRQFUHWH DFWLRQ LQ 30Y LV QHFHVVDU\ WR DFWLYDWH FRQFHSWXDO DFWLRQ LQIRUPDWLRQ LQ




/27& DQG ,3/ WKHQ VHQW WR 30Y WR HQDEOH D PRWRU VLPXODWLRQ RI WKH DFWLRQ DQG
ILQDOO\ VHQW EDFN WR SRVWHULRU UHJLRQV ZKHUH FRQFHSWXDO DFWLRQ LQIRUPDWLRQ LV
DFWLYDWHG $ PRUH HFRORJLFDO H[SODQDWLRQ ZRXOG EH WKDW DFWLRQ XQGHUVWDQGLQJ LV D
IXQFWLRQRI/27&DQG ,3/ DQG DFWLRQVSHFLILF DFWLYDWLRQRI QHXURQV LQ30Y UDWKHU
IROORZVRUUXQVLQDSDUDOOHOWRDFWLRQXQGHUVWDQGLQJ,QOLQHZLWKWKLVYLHZ3DSHRHW
DOVKRZHGWKDWUHSHWLWLYH706DSSOLHGWRWKHSRVWHULRUPLGGOHWHPSRUDOJ\UXV
S07* DEROLVKHG WKH GLVWLQFWLRQ EHWZHHQ DFWLRQ DQG QRQDFWLRQ YHUEV LQ WKH
SUHFHQWUDOJ\UXV7KHK\SRWKHVLV WKDW DFWLRQXQGHUVWDQGLQJ LVQRWFDXVDOO\ UHODWHG WR








UHVSRQVHV +LFNRN  $OWKRXJK WKLV LV SRVVLEOH RQH PLJKW DUJXH WKDW VLPLODU





RI G\QDPLF VWLPXOL LQ JHQHUDO 6FKXERW]  3UHVV DQG &RRN  DQG LQ
JHQHUDWLQJ SUHGLFWLRQV RI DFWLRQ RXWFRPHV LQ SDUWLFXODU -HDQQHURG  &VLEUD














































































































































)LJXUH  ,QYHVWLJDWHG OHYHOV RI DEVWUDFWLRQ $ 7KH FRQFUHWH OHYHO UHG GHVFULEHV
DFWLRQVEDVHGRQSHUFHSWXDOVWLPXOXVSURSHUWLHVOLNHFRQFUHWHNLQHPDWLFVDQGREMHFW
H[HPSODUVLQYROYHGLQWKHDFWLRQ7KHLQWHUPHGLDWHOHYHOJUHHQJHQHUDOL]HVDFURVV
NLQHPDWLFV DQG REMHFW H[HPSODUV 7KH DEVWUDFW OHYHO EOXH JHQHUDOL]HV DFURVV
NLQHPDWLFVDQGREMHFWFDWHJRU\'HFRGLQJVFKHPH%'LIIHUHQWDEVWUDFWLRQOHYHOV
ZHUHLVRODWHGE\WUDLQLQJDFODVVLILHU WRGLVFULPLQDWHWKHRSHQLQJDQGFORVLQJRID
VSHFLILFERWWOHRUER[DQG WHVWHG LWXVLQJDFWLRQV LQYROYLQJHLWKHU WKHVDPHREMHFW
FRQFUHWH DGLIIHUHQWREMHFW IURP WKHVDPHREMHFW FDWHJRU\ LQWHUPHGLDWHRUDQ
REMHFW IURP D GLIIHUHQW REMHFW FDWHJRU\ DEVWUDFW VHH0HWKRGV IRU GHWDLOV RI WKH
SURFHGXUH ([SHFWHG SDWWHUQV RI UHVXOWV IRU GLIIHUHQW UHJLRQV FRGLQJ DFWLRQV DW
FRQFUHWHEXWQRWLQWHUPHGLDWHDQGDEVWUDFWOHYHOV&DWFRQFUHWHLQWHUPHGLDWHDQG
DEVWUDFW OHYHOV ' DQG DW WKH DEVWUDFW OHYHO RQO\ ( 'RWWHG OLQH UHSUHVHQWV










)LJXUH 0HDQ DFFXUDF\PDSV RI WKH VHDUFKOLJKW093$ DW HDFK DEVWUDFWLRQ OHYHO
FRQFUHWH LQWHUPHGLDWH DEVWUDFW ,QGLYLGXDO DFFXUDF\ PDSV ZHUH FRUWH[EDVHG
DOLJQHGDYHUDJHGDQGSURMHFWHGRQWRDFRPPRQJURXSVXUIDFHERWKIODWPDSVDQG
ODWHUDO YLHZV RI LQIODWHG KHPLVSKHUHV 'HFRGLQJ DFFXUDF\ DW FKDQFH LV 
$EEUHYLDWLRQV &6 FHQWUDO VXOFXV ,)6 LQIHULRU IURQWDO VXOFXV ,36 LQWUDSDULHWDO




)LJXUH  6WDWLVWLFDOPDSV RI WKH VHDUFKOLJKW093$ )RU LQWHUPHGLDWH DQG DEVWUDFW
OHYHOV FRQMXQFWLRQV LH ORZHVW FRPPRQ t YDOXH SHU YHUWH[ RI
FRQFUHWHLQWHUPHGLDWHDQGFRQFUHWHLQWHUPHGLDWHDEVWUDFW OHYHOVUHVSHFWLYHO\ZHUH
XVHGVHH0HWKRGVIRUGHWDLOV$OLJQPHQWDQGSURMHFWLRQSURFHGXUHVDUHWKHVDPH
DV LQ )LJXUH  2XWOLQHV DURXQG FOXVWHUV LQGLFDWH FOXVWHUV VXUYLYLQJ FOXVWHU VL]H
FRUUHFWLRQ GDUN UHG FRQFUHWH GDUN JUHHQ LQWHUPHGLDWH GDUN EOXH DEVWUDFW
WKUHVKROGHGDWp FRUUHFWHGFOXVWHUWKUHVKROGp $EEUHYLDWLRQV&6










 30Y,3/ 30Y/27& ,3//27&
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 P t P t P 
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  









 FRQFUHWHLQWHUPHGLDWH FRQFUHWHDEVWUDFW LQWHUPHGLDWHDEVWUDFW
 t P t P t P 
30Y      
,3/      






7DEOH &OXVWHUV LGHQWLILHG LQ WKH VHDUFKOLJKW093DQDO\VLV IRUDFWLRQGHFRGLQJ DW
FRQFUHWHLQWHUPHGLDWHDQGDEVWUDFWOHYHOV
 &OXVWHU 3HDN
5HJLRQ t P $FFXUDF\ VL]H  t p $FFXUDF\ [ \ ]
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